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In the constant search for understanding of the
differences between normal and diseased tissues,
attention has come to be more and more focussed
on cellular metabolism. Of the numerous enzymes
and enzyme systems that have been studied in
this connection, the lactate dehydrogenase (LDH)
is among those that have yielded the most infor-
mation, particularly so after the demonstration
of its occurrence in different molecular forms
(isoenzymes) within the same cell system (1, 2,
3). LDH reversibly catalyzes the conversion of
pyruvate-lactate and is one of the key enzymes
in glycolysis, an important source of energy for
the cell, especially in malignant tissues (4). The
LDH isoenzymes are readily demonstrable and
have been shown to form characteristic patterns
in normal tissues (5), and sometimes quite dis-
tinctive changes in those patterns in abnormal
or malignant tissues (6, 7).
The aim of the present work has been to demon-
strate a possible difference in the LDII isoenzyme
pattern found in one of the few tumors known to
be caused by a virus and containing the virus
in question (8), and a malignant tumor originat-
ing from the same cell system. Toward this end
comparative analyses have been made of common
warts and basal cell carcinomas. Similar analyses
were made of normal skin and of malignant
melanomas, the latter in order to see whether the
isoenzyme pattern encountered in the basal cell
carcinoma corresponded with that of a more
malignant tissue.
MATERIALS AND METHODS
The material used for the analyses consisted
mainly of ordinary, formerly untreated, middle
sized or large plantar warts and a number of warts
from other parts of the body. Both warts and basal
cell carcinomas were removed with local analgesia
(2% lidocain-noradrenalin, Ph. N.) by curetting
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after a twofold rubbing of the skin with 70%
ethyl alcohol. Specimens of malignant melanomas
were taken immediately after radical removal of
this tumor and its surroundings, and finally skin
was obtained from surplus grafts taken by means
of a vacutom in a thickness of about 0.3 mm.*
All diagnoses of basal cell carcinomas and
malignant melanomas were histologically con-
firmed, and the warts were judged on their macro-
scopic appearance and localization. Before wart
tissue was taken for analysis, the most hyper-
keratotic, superficial layer was shaved off without
getting so deep that bleeding occurred. All curet-
ting of warts and basal cell carcinomas, as well as
removal of specimens of malignant melanomas for
analysis, was done as near to the surface as
possible in order to have only a minimum of dermal
contamination. This contamination is hard to
avoid completely, because of the structure of
underlying tissues; but repeated analyses of
specimens curetted somewhat deeper than our
standard procedure showed no significant differ-
ence in the isoenzyme patterns here reported.
No attempt has been made to standardize the
amounts of tissue analyzed by means of weighing
or analysis of nitrogen content as we intended
only to demonstrate the relative content of LDH
isoenzymes.
All specimens were carefully cleaned from
possible contaminating blood first by pressing
between clean, sterile gauze pads soaked in 0.9%
saline solution. Thereafter they have been rinsed
and kept in 0.9% saline for 1—3 hours at room
temperature until homogenization, which was
carried out in a barbital buffer at pH 8.6 by means
of an "[Jltra-Turrax" homogenizer, four minutes
at 15°—20° C obtained by water-cooling. The
homogenized samples were then centrifuged in an
ordinary centrifuge at 3,200 r.p.m. (ca. 1500 G)
for seven minutes. With the method of analysis
employed, centrifugation at 1500 G appeared to be
sufficient. Particles larger than the LDH iso-
enzymes presumably remain in or near the slot in
the agar gel where the supernatant is applied, and
particles of the same or a smaller size than the
isoenzymes could not be separated from the
isoexizymes by a more vigorous centrifugation.
After centrifugation, the supernatant was
poured off and kept in sterile glasses at room
temperature until electrophoresis could be carried
out. Room temperature was chosen for storage
because there was a considerable drop in the
* Samples of malignant melanomas and epi-
dermal grafts have kindly been provided by The
Finsen Institute, Department of Plastic Surgery,
Head: Grete Olsen, M.D.
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activity of LDH5 when the samples were kept at
+40 or —20° C, as reported by Bottomley et at.
(9). Furthermore, control analyses were carried
out on a number of samples on different days where
electrophoresis and subsequent incubation were
done immediately after homogenization, as well as
the next day. This indicated that storage at room
temperature for 18—20 hours did not cause any
significant loss in LDH isoenzyme activity or
pattern.
Agar gel electrophoresis was carried out accord-
ing to Wieme (10) using a 1% solution of Special
Agar-Noble (Difco) in barbital buffer, pH 8.6,
ionic strength 0.05, containing calcium chloride
0.19 g per liter.
The day before its use, the agar solution was
prepared and poured over microscope slides,
where it was left to set as a 1 mm thick layer.
Before application of the supernatant, a slot of
about 13 mm was made across the slide in the
agar and into this 10—15 l was pipetted. A water-
cooled tank (Analysteknik, Vallentuna, Sweden)
was used for the electrophoresis, and a current of
9 mA per centimeter was applied to the slides for
30 minutes. The temperature of the agar did not
exceed 16° C throughout the run.
Localization and activity of the isoenzymes was
demonstrated by a modification of the method
described by Wieme el al. (11).
The incubation medium consisted of:
DL-Sodium Lactate 0.2 M,
Nicotinamide Adenine Dinucleotide (NAD)
3 X 10 M
Phenazine Methosulfate (PMS) 1.7 X 10 M
Nitro Blue Tetrazolium (NBT) 6.3 X 10 M
Sodium Cyanide 0.015 M
750 zl of the incubation medium was mixed with 2
nil of melted 0.6% agar solution in barbital buffer
cooled down to 40° C. This mixture was then
poured over the electrophoresed slides on which
was placed a rubber frame, which kept the
incubation medium from running off before it
set. Incubation of the slides for 1 1/2 hours at 37°
C in the dark was followed by fixation in a mixture
of water: ethanol: acetic acid, 5:15:1, for 4 hours.
The agar was then covered with filter paper strips
and air dried overnight.
By this method the activity of the isoenzymes
results in an oxidation of lactate into pyruvate,
and at the same time a reduction of NAD to
NADHC. This compound in its turn reduces PMS
which then finally reduces NBT. In its oxidized
state NBT is almost colorless, but on reduction it
turns reddish-blue. Cyanide is added to the mix-
ture, as it will unite with the pyruvate formed,
thereby enhancing the reaction.
Due to the activity of isoenzymes reddish-blue
lines develop at their sites on the slide, and the
intensity of color at each site depends on the
amount of isoenzyme localized here. By scanning
the slides at 530 mz on a Densicord (Photovolt,
New York, U.S.A.) and integrating the curves,
the relative activities of the isoenzymes in a given
specimen was measured.
That the lines developed on the electrophoresed
slides were due to the activity of LDH isoenzymes
was shown by omitting lactate from the incubation
medium, in which case no reduction of NBT took
place and no color developed.
In this paper the five LDH isoenzymes encoun-
tered have been numbered I—V according to their
decreasing electrophoretic mobility. Thus No. I
or LDH1 is the fastest migrating, most anodic and
No. V or LDH5 is the slowest migrating, most
cathodic isoenzyme.
RESULTS AND DISCUSSION
The tissues analyzed comprised two relatively
well-defined, significantly different groups: a)
normal skin and warts and b) basal cell car-
cinomas and malignant melanomas.
(a) Normal Skin and Warts
The LDH isoenzyme pattern found in these
types of tissue are characterized by a very low
occurrence of LDH1 and a subsequent, progressive
increase in isoenzyme concentration from LDH2—
LDH. This trend was quite uniform in all cases
but three, in which we found about the same
concentration of LDH5 in warts.
As can be seen from Table 1 and Fig. 1, we
found no significant difference in isoenzyme pat-
tern between warts taken from different parts of
the body. Furthermore, the pattern encountered
in warts corresponded to the one found in normal
skin. The electrophoretic assay only describes
the relative variations between the five LDH
isoenzymes, but gives no information of the ab-
TABLE I
Tissue No. of Analyses LDH, Average LDHs Average LDH3 Average LDH4 Average LDH5 Average
Normal Skin
Hand- & Other Warts
Plantar Warts
Basal Cell Carcinoma
Malignant Melanomas
7
12
31
8
7
0
0.2
0
2.9
5.0
1.3
2.5
1.5
13.8
17.3
12.3
13.3
14.7
33.4
27.9
29.6
32.0
33.7
30.3
26.7
57.7
52.1
50.0
20.9
23.4
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Fm. 1. Graphic representation of the LD-Hisoenzyme patterns found. The patterns in
normal skin and warts were almost identical, whereas they were found to be significantly
different from the tumor patterns.
solute concentration of enzymes. We tried how-
ever to detect a possible difference between warts
and normal skin in this respect by carrying out
analyses of total LDH related to the nitrogen
content of the supernatant of homogenized tis-
sues. *
The homogenization of tissues for this at-
tempted quantitative assay were carried out in
the same way as described above, with the ex-
ception that, because of its nitrogen content, the
barbital buffer was replaced by 0.9% saline
solution. Even though a considerable number of
analyses were carried out, the results were found
to be too variable to be of any value.
(b) Basal Cell Carcinomas and Malignant
Mel anomas
The LDH isoenzyme patterns found in basal
cell carcinomas and malignant melanomas are
quite similar. They differ, however, quite mark-
edly from the pattern described under a), as we
have found some activity of LDH1 in most of the
samples analyzed. Furthermore, the activity has
* Themicro-nitrogen analyses have kindly been
carried out by The Finsen Institute, Central
Laboratory, Head: J. Lintrup, M.D.
increased only to the maximum found in LDH3,
after which there is a moderate but distinct de-
crease in activity of LDH4 and LDH5.
The differences between the average of per-
centages of LDH1, LDH2, LDH3, and LDH5
found in groups a) and b) are significant (p <
0.0001).
Apart from the differences found, it is also of
interest to note the resemblance in the results
between normal skin and warts. One might well
have expected to find some reflection in the iso-
enzyme pattern of the increased cellular activity
in a tissue as productive as the common warts.
Furthermore, it is of interest that the isoenzyme
patterns of the basal cell carcinomas and the
malignant melanomas also resemble each other
despite the fact that they are derived from differ-
ent tissues.
SUMMARY
Lactate dchydrogenase (LDH) isoenzyme anal-
ysis was performed on normal skin, on common
warts and on basal cell carcinomas. The object
has been to compare the LDH isoenzyme pattern
in normal skin with that of a virus-induced,
epidermal tumor as well as a malignant tumor
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arising from it. For comparison analyses of malig-
nant melanomas have been included.
(1) No significant difference has been found
between warts from different parts of the body.
All have shown a negligible activity of LDH1 =
the fastest migrating, most anodic isoenzyme,
and a steady rise in activity throughout the
"isocnzyme specter" to a definite maximum of
LDH5 = the slowest migrating, most cathodic
isoenzyme.
(2) No significant difference were found be-
tween warts and normal skin.
(3) The basal cell carcinomas were found to
have the same LDH isoenzyme pattern as the
malignant melanomas. Both tumors show some
activity of LDH1, a rise in activity through
LDH2 to a maximum in LDH3 , afterwhich there
is a moderate but distinct decrease in activity of
LDH5. This pattern was found to be signifi-
cantly different from the one found in warts and
in normal skin.
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